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Abstract. Background. Malaria may be associated with complications which may be avoided by 
early diagnosis and treatment. Microscopic diagnosis showing presence of malarial parasites is 
needed for confirmation which at times may be unreliable and requires technical expertise. The 
present study was conducted to statistically analyze the haematological parameters including 
platelet indices which can give initial hint for malarial infection and therefore prompt the 
laboratory physician for active search of the parasite microscopically. 

Methods. A retrospective study was conducted which included 334 cases of acute malaria caused by 
Plasmodium vivax, falciparum and dual infection along with 100 cases of control. Routine 
haematological parameters along with platelet indices (MPV and PDW) which are easily available 
on automated cell counter were statistically analyzed to assess their role as indicators for malaria. 
Results. Leukocyte count and platelet count were significantly lower in cases of acute malaria in 
comparison to controls (p value <0.001). Platelet count<150xl09/l showed 87.2% sensitivity, 65% 
specificity, 89.3% positive predictive value and 2.49 likelihood ratio for the infection. PDW of 6-10 
and MPV>8 fl had 71.9% and 61.5% sensitivity and 78.2% and 77.7% positive predictive value 
respectively for infection. Platelet count <150xl09/l and MPV>8 fl was comparatively more 
sensitive indicator for vivax (88% and 70.8% respectively) than falciparum (84.8% and 50.4% 
respectively) and PDW 6-10 was more sensitive indicator for falciparum (82.6%) than vivax 
(69.5%) infection. 

Conclusion. Thrombocytopenia (<150xl09/l) and low leukocyte count (<4xl09/l) may be used as 
probable indicator for malaria in endemic countries. Higher MPV (>8 fl) and PDW of 6-10 also 
show considerable sensitivity for malarial infection. In addition, thrombocytopenia (<150xl09/l) 
and higher MPV (>8 fl) was more sensitive for vivax infection while PDW 6-10 was more sensitive 
for falciparum infection. 
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Introduction. Malaria is an important infectious 
protozoan disease and it has been estimated that 
worldwide there are 300-500 million cases of malaria 
per year and 1.5 - 2.7 million deaths due to it. 
Although it has been considered to be eliminated in 
United States, Canada, Europe and Russia but local 
transmission has been reported in these areas due to 
imported cases. 2 The early diagnosis of malaria is the 
key feature for its prompt treatment and prevention of 
complications which may include coma, 
hypoglycaemia, acidosis, renal failure or pulmonary 
oedema Microscopic diagnosis is needed for 
confirmation of malaria but it requires technical 
expertise and at times may be unreliable when poorly 
executed. 3 Certain haematological changes which 
include low platelet count, haemoglobin concentration 
and hematocrit have been reported to be associated 
with malaria. 4 ' 5 Recently studies have also been 
conducted to analyze the role of platelet indices to 
discriminate various causes of thrombocytopenia 
including malaria. 6 

The study was therefore conducted to statistically 
analyze all the haematological parameters including 
platelet indices that are easily available on blood count 
autoanalyzer and can give an initial hint for acute 
malarial infection caused by various species of 
Plasmodium.The parameters indicating towards 
malarial infection will in turn prompt for vigilant 
search of the parasite on peripheral blood smear and 
will thus avoid missing of cases of malaria. 

Material and Methods. The present study was 
conducted retrospectively over period of two years 
from August 2008 till August 2010 in the haematology 
laboratory of the institute situated in the Uttarakhand 
state of India which includes Himalayan and sub 
Himalayan region of north India. The study included 
randomly selected cases of acute malaria which 
presented with fever for within a week caused either by 
Plasmodium falciparum (PF), vivax (PV) or dual 
infection (PV+PF) that were retrieved from the 
archives of the laboratory. Detailed clinical history and 
prior medication were noted for every case where ever 
possible. The cases which gave clear history of 
receiving antimalarials before being referred to the lab 
were excluded from the study. All the cases were 
confirmed to be caused by Plasmodium by 
demonstration of the trophozoite or gametocyte of the 
parasite by microscopic examination of the peripheral 
blood smear. The cases were also confirmed by using 
rapid immunochromatographic card test for detection 
of PV, PF or PV+PF infection on whole blood (QDx 
Malaria Pv/Pf malaria card test, Piramal Healthcare 
Limited, Mumbai, India) whenever required. Routine 
haematological parameters which included 



haemoglobin level (Hb), total leukocyte count (TLC), 
red blood cell count (RBC), mean cell volume (MCV), 
red cell distribution width (RDW), platelet count (PC), 
mean platelet volume (MPV) and platelet distribution 
width (PDW) which were available on automated 
analyzer were recorded for every patient. These 
haematological parameters were obtained by subjecting 
the blood samples of the patients which were collected 
in ethylene diamine tetra acetic acid (EDTA) 
anticoagulant monovette tubes to MS-9 Automatic Full 
Digital Cell Counter (Melet Schloesing Laboratories, 
Cergy Pontoise, France). This automated analyzer is a 
three part differential analyzer and works on the 
principle of impedance method. 100 patients were 
randomly taken as controls which were also retrieved 
from the archives of the same lab during the same 
period of time and presenting with acute febrile illness 
for within a week. Their detailed history showed no 
prior medication or treatment before presenting to the 
laboratory. These controls were negative for malarial 
parasite on peripheral blood smear examination or 
rapid malarial test but were confirmed to be due to 
other causes such as typhoid by Widal test, bacterial 
infections by blood culture, dengue by viral antigen 
detection or immunoglobulins and other viral 
infections by Enzyme linked immunosorbent assay 
(ELISA). Statistical analysis was carried out by using 
SPSS version 15.0 for windows (Chicago, IL, USA). 
Results were expressed as means ± SD and student's t 
test was applied to compare the parameters between 
cases and controls. P<0.001 was considered 
statistically significant. The sensitivity and specificity 
of relevant haematological parameters as an indicator 
of malarial infection were also assessed by performing 
receptor operating curve (ROC) analysis. 

Results. The study included 334 cases of malarial 
infection with mean age of 33.13 years and male 
female ratio of 1.63:1. Out of these 233 cases (69.8%) 
were positive for PV, 92 cases (27.5%) for PF and 9 
cases (2.7%) showed dual infection by PV and PF. The 
controls showed mean age of 29.12 years with male 
female ratio of 1.1:1. It was observed that out of 334 
cases of malarial infection 248 were present in the 
months of July to October. Table 1 shows the 
comparison of different characteristics between cases 
and controls. It shows that treatment history was 
available for 303 cases and out of these 275 patients 
gave history of no prior treatment before presenting to 
the laboratory while 28 had received treatment 
including antipyretics etc. but no antimalarials. 31 
cases could not clearly elicit whether they have 
received any prior treatment or if received then which 
type of treatment received due to illiteracy. Table 2 
shows the mean and standard deviation of the various 
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Table 1. Comparison of characteristics between cases of malaria 
and controls. 



Characteristics 


Cases (n=334) 


Controls (n=100) 


Age (Mean) 


33.13 years 


29.12 years 


Male Female ratio 


1.63:1 


1.1:1 


History of fever 


Within one week 


Within one week 


Treatment history 
available before 
blood sample 
analysis 


303 


100 


No treatment 
received 


275 


100 


Partial treatment 
received for fever but 
no antimalarials 


28 




Unknown treatment 
history 


31 





haematological parameters and comparison of these 
parameters between cases and controls. It shows that 
TLC and PC were significantly lower in cases of 
malarial infection in comparison to controls. The 
comparison of the haematological parameters between 
PV, PF and dual infection with controls also showed 
similar results (p value <0.001 for TLC and PC). Table 
3 shows that PC<150xl0 9 /l showed 87.2% sensitivity, 



65% specificity, 89.3% positive predictive value and 
2.49 likelihood ratio for malarial infection. In addition, 
PDW in the range of 6-10 and MPV>8 fl had 71.9% 
and 61.5% sensitivity and 78.2% and 77.7% positive 
predictive value respectively for malarial infection. It 
was also observed that positive predictive value for 
malaria at PC<150X10 9 /1 increased to 90.8% during 
the months of July to October when the cases of 
malaria increased. The positive predictive value for the 
infection at TLC<4X10 9 /1 was also 81.1% during these 
months. Table 4 shows the statistical analysis of 
haematological parameters as an indicator of PV and 
PF separately. 

Table 4 shows that platelet count <150xl0 9 /l was 
more sensitive (88% for PV and 84.8% for PF) while 
TLC < 4x1 0 9 /l was more specific (90%) for PV and PF 
infection. In addition, MPV>8 fl is comparatively more 
sensitive indicator for PV infection than for PF 
infection and PDW 6-10 is more sensitive indicator for 
PF infection. ROC curve analysis showed that cut off 
of TLC < 9.22xl0 9 /l was 70.7% sensitive and 61% 
specific as an indicator for malarial infection while 
PC< 11 3.20X1 0 9 /l was77.8% sensitive and 76% 
specific as indicator for malarial infection (Figure 1). 



Table 2. Comparison of haematological parameters between the cases of malarial infection and controls. 



Parameter 


Control (n=100) 
Mean± SD 


Cases (n=334) 
Mean± SD 


p value 


Haemoglobin (g/dl) 


9.23±3.14 


10.03±2.77 


0.016 


TLC (xl0'7l) 


12.10±8.82 


8.36±5.43 


0.0001 


RBC Count (xl0 12 /l) 


3.65±1.08 


3.72±0.99 


0.535 


MCV (fl) 


78.75±1 1.31 


81.21±8.80 


0.023 


RDW-CV (%) 


15.44±2.22 


14.93±1.77 


0.019 


Platelet count (xl0 9 /l) 


227.38±159.64 


86.54±85.36 


0.0001 


MPV (fl) 


7.49±1.31 


7.41±2.63 


0.767 


PDW 


9.64±1.30 


9.65±1.42 


0.947 



TLC, Total Leukocyte Count; RBC, Red Blood Cell; MCV, Mean Corpuscular Volume; RDW-CV, Red Cell Distribution Width- Coefficient 
of Variation; PC, Platelet Count; MPV, Mean Platelet Volume; PDW, Platelet Distribution Width 



Table 3. Statistical analysis of haematological parameters for diagnosis of malarial infection 



Haematological 


Cases 


Control 


Sens- 


Spec- 


PPV 


NPV 


LR 


95%CI 


parameter 


(n=335) 


(n=100) 


itivity 


ificity 


Hb<12.5(g/dl) 


272 


85 


81.2 


15 


76.2 


19.2 


0.9 


0.86-1.0 


TLC>ll(xl0 9 /l) 


63 


44 


18.8 


56 


58.9 


17.1 


0.4 


0.31-0.58 


TLC<4(x 10 9 /1) 


38 


10 


11.3 


90 


79.2 


23.3 


1.1 


0.58-2.19 


RBC<4(xl0 12 /l) 


190 


63 


56.7 


37 


75.1 


20.3 


0.9 


0.75-1.07 


MCV80-100fl 


149 


47 


44.5 


53 


76 


22.2 


0.9 


0.74-1.20 


RDW-CV >1 5 (%) 


140 


52 


41.8 


48 


72.9 


19.8 


0.8 


0.64-1.00 


PC<150(xl0 9 /l) 


292 


35 


87.2 


65 


89.3 


60.2 


2.4 


1.90-3.26 


PDW 6-10 


241 


67 


71.9 


33 


78.2 


26.0 


2.0 


1.56-2.70 


MPV<8fl 


130 


41 


38.8 


59 


76 


22.3 


0.9 


0.72-1.24 


MPV>8fl 


205 


59 


61.5 


41 


77.7 


56.6 


1.03 


0.86-1.24 



PPV, Positive Predictive Value; NPV, Negative Predictive Value; LR, Likelihood Ratio; CI, Confidence Interval; TLC, Total Leukocyte 
Count; RBC, Red Blood Cell; MCV, Mean Corpuscular Volume; RDW-CV, Red Cell Distribution Width- Coefficient of Variation; PC, 
Platelet Count; MPV, Mean Platelet Volume; PDW, Platelet Distribution Width 
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Table 4. Statistical analysis of haematological parameters for diagnosis of Plasmodium vivax (PV) and Plasmodium falciparum (PF) malarial 
infection. 



Parameters 


Sensitivity (%) 


Specificity (%) 


PPV 


NPV 


LR 


95%CI 


TLC<4xl0 9 /L 


PV 


14.6 


90 


77.3 


31.1 


1.45 


0.75-2.8 


PF 


4.3 


90 


28.6 


50.6 


0.43 


0.14-1.33 


PC<150xl(f/L 


PV 


88 


65 


85.4 


69.9 


2.51 


1.91-3.29 


PF 


84.8 


65 


69 


82.3 


2.42 


1.82-3.20 


PDW6-10 


PV 


69.5 


33 


70.7 


31.7 


1.03 


0.88-1.22 


PF 


82.6 


33 


53.1 


67.3 


1.23 


1.04-1.45 


MPV>8fl 


PV 


70.8 


41 


70.8 


41 


1.2 


0.99-1.44 


PF 


50.4 


41 


50.4 


41 


1.10 


0.88-1.22 



PPV, Positive Predictive Value; NPV, Negative Predictive Value; LR, Likelihood Ratio; CI, Confidence Interval; TLC, Total Leukocyte 
Count; PC, Platelet Count; MPV, Mean Platelet Volume; PDW, Platelet Distribution Width 



ROC Curve 




Source of the Curve 

TLC 

Platelet 

Reference Line 



1 - Specificity 

Diagonal segments are produced by ties. 

Figure 1. Receptor Operating Characteristic (ROC) curve of TLC (Total Leukocyte Count) and platelet count for malarial infection. 



Discussion. Malaria is considered a major public 
health problem in India and total malaria cases reported 
in 2008 were 1.52 million with Annual Parasite 
Incidence (API) of 1.40 and Slide Positivity Rate 



(SPR) of 1.60. 7 Although India accounted for 66% of 
confirmed cases of malaria in South East Asia region in 
2010 but there was reduction of 28% of cases between 
2000 and 2010 and it is considered that India is in the 
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control phase of malaria. 8 ' 9 Severe malariamay be 
associated with various complications such as 
hypoglycaemia, acidosis, coma and rarely septicaemia 
and prevention of these complications require early 
confirmed diagnosis followed by adequate antimalarian 
treatment . Peripheral blood smear examination is used 
fo laboratory confirmation of parasite but it requires 
technical expertise, repeated smear examination and 
thus may prove unreliable and wasteful when poorly 
executed. 3 ' 10 Clinical presentation of malaria is also 
variable and may overlap with symptoms of other 
bacterial and viral infections such as dengue, typhoid 
etc. and thus posing difficulty in diagnosis. Dengue is 
also widely prevalent in India and during 2009 about 
15,509 cases were reported with 89 deaths while 1.03 
million cases and 421 deaths were reported of typhoid 
in India in 2009. 1112 Therefore it is essential to 
discriminate between these infections so that early 
diagnosis of malaria is possible. Various 
haematological parameters which are easily available 
on automated cell counters may be useful in this 
regard. The association of thrombocytopenia and 
malaria have been reported by various studies. 13 ' 1415 In 
India, PV is widespread in the southern state of Tamil 
Nadu, PF in Orissa state while mixed infections are 
predominant in the west of the country. 16 ' 17 The present 
study showed that total leukocyte count and platelet 
count were significantly lower in cases of malaria in 
comparison to controls and thrombocytopenia was 
more sensitive and had higher positive predictive value 
and likelihood ratio for PV infection in comparison to 
PF (Table 4). Dual infection by PV and PF was not 
considered adequate for statistical analysis as it 
comprised of only 9 cases out of total 334 malarial 
cases. A study from Bikaner in northwestern India had 
similar observations as present study which concluded 
that association of thrombocytopenia was statistically 
more significant with PV monoinfection as compared 
to PF. 18 Another study from north-east Papua also 
observed that platelet count was significantly lower in 
vivax malaria in comparison to falciparum malaria 
initially and mean platelet count increased with time 
after treatment. 19 Studies have reported the significance 
of thrombocytopenia in relation to different species of 
Plasmodium and concluded that association of 
thrombocytopenia was statistically more significant 
with PV monoinfection as compared to PF and mean 
platelet count increased over time. 1819 Saravu et al in 
their study from Karnataka, southern state of India 
have concluded that thrombocytopenia is observed in 
malaria and incidence is similar in vivax and 
falciparum infection and the patients with 
complications had significantly lower platelet count in 



comparison to patients without complications. In 
contrast, studies have also observed that 
thrombocytopenia less than 20x1 0 9 /L is statistically 
more common with falciparum infection. 21 Another 
study also analyzed the clinico-hematological 
parameters during episode of acute malaria by PV in 
Uttarakhand region of India and observed that 
thrombocytopenia (<150xl0 9 /l) was the commonest 
manifestation and associated with complicated 
malaria. 22 Studies from Delhi, India have also observed 
thrombocytopenia in 80.37% to 96% cases of PV 
malarial infection and have challenged the use of 
terminology of "benign tertian malaria" for PV 
infection as thrombocytopenia with other 
complications are observed in high percentage in PV 
malarial infection patients. 23 ' 24 The authors therefore 
suggest that further studies in this region may also be 
done which correlate the presence of complications 
with thrombocytopenia in relation to different malarial 
species and different levels of platelet count. The 
pathogenesis of thrombocytopenia in malaria have 
been suggested due to peripheral destruction, splenic 
pooling or consumption coagulopathy but de Mast et al 
have hypothesized that thrombocytopenia in early 
malaria is associated with GPIb shedding in absence of 
systemic platelet activation and consumptive 
coagulopathy. 25 Malaria is considered to show seasonal 
variation in India with maximum prevalence in rainy 
season from July to November. 7 The study also showed 
that positive predictive value of thrombocytopenia for 
the malaria infection increased during the months of 
July to October when maximum number of cases were 
reported in the laboratory while it decreased during the 
other months and thus the role of thrombocytopenia as 
predictor for malaria is retained and shows increase 
when the incidence of malaria increases. Recently 
MPV has also been analyzed for various diseases 
including its role as discriminating guide for 
thrombocytopenia. 6 ' 26 Platelet indices have been rarely 
analyzed for malaria infection and the present study 
observed that MPV >8 fl and PDW in range of 6-10 
showed significant sensitivity (61.5% and 71.9% 
respectively) for malarial infection but with low 
specificity (41% and 33% respectively) (Table 3). The 
study also observed that higher MPV (> 8 fl) was more 
sensitive indicator for PV infection while PDW 6-10 
was more sensitive for PF infection (Table 4). 
Although studies have concluded that MPV was higher 
in malaria infected children than non malaria infected 
children but it has also been observed that malaria with 
thrombocytopenia involving bone marrow had lower 
MPV in comparison to cases without bone marrow 
involvement which showed higher MPV. 6 ' 27 Chandra et 
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al have concluded that increased MPV was observed in 
those malaria patients in which the pathogenesis of 
thrombocytopenia was due to increased peripheral 
destruction (hyperdestuctive) while decreased MPV 
was present in those patients in which the parasite was 
observed in bone marrow indicating that 
thrombocytopenia was due to bone marrow disease 
(hypoproductive). 6 However in the present study, 
although MPV was observed to be increased in 
malarial infections but the pathogenesis of 
thrombocytopenia including hyperdestructive or 
hypoproductive thrombocytopenia cannot be confirmed 
as bone marrow examination was not done in very few 
cases. 

It was also observed in the present study that 
leukocyte count was significantly lower in cases than 
in comparison to controls and count <4xl0 9 /l showed 
high specificity (90%) but low sensitivity (11.3%) for 
malarial infection (Table 2 and 3). This is in contrast to 
previous study which concluded that leukocyte count 
was not predictive for malaria infection. 10 The present 
study also observed that other haematological 
parameters including Hb, RBC count MCV, RDW are 
inadequate indicators for malarial infection. It was 
observed in this study that out of total 334 cases of 
malaria 275 had received no prior treatment and 28 had 
received partial treatment but no antimalarial before 
their blood sample was analyzed in the laboratory 
(Table 1). This may exclude the possibility of bias due 
to antimalarial treatment to some extent but the study 
also showed that no treatment history was available for 
31 cases. This was predominantly due to illiterate 
patients in which treatment history could not be 
elicited. Thus, an important limitation of the present 
study was that the patients may have got partial 
treatment before being referred to the institute and, 
therefore, causing variation in the haematological 
parameters resulting as confounding factor. Therefore, 
this study should be further extended in order to permit 
a statistical analyse of the changes in haematological 
parameters due to antimalarial treatment received . 



Further studies analysing the haematological 
parameters at 0 time , when no treatment has been 
given, and after the treatment should also be done. 
In fact few studies have reported the haematological 
parameters in malarial infection throughout the course 
of the disease, and in reference to the treatment; 
Tangpukdee et al. 28 observed that leukocyte count was 
significantly very low initially (day 0) and returned to 
normal value by day 28. Another limitation of the 
studies is the possibility of bias in random selection of 
cases and controls specially related to seasonality along 
with concomitant febrile illness giving 
thrombocytopenia. In fact in our experience the 
predictive value of both thrombocytopenia and 
leucopenia changed throughout the year increasing to 
90.8% during the months of July to October when the 
cases of malaria increased. 

Therefore, our study concludes that 
thrombocytopenia (<150xl0 9 /l) and low leukocyte 
count (<4xl0 9 /l) may be used as probable indicator for 
malaria infection in endemic regions. A high MPV (>8 
fl) and PDW in range of 6-10 also show considerable 
sensitivity for malarial infection. Thrombocytopenia is 
more significant indicator for PV infection than for PF 
infection. In addition, higher MPV (> 8fl) is also more 
sensitive indicator for PV infection while PDW 6-8 is 
more sensitive for PF infection. Therefore we suggest 
that if a patient, in a malarial endemic region, is 
presenting with acute febrile illness (<1 week) and the 
blood count analysis shows thrombocytopenia 
(<150xl0 9 /l) with low leukocyte count (<4xl0 9 /l) along 
with increased MPV (>8 fl), he should be suspected 
for malarial infection and a prompt search of the 
parasite should be made on peripheral blood smear in 
order to avoid missing the diagnosis. Although these 
haematologic parameters are only indicators of 
probable malarial infection, they are an inexpensive 
and easily available guide for active search of the 
parasite, in order to rapidly institute a specific 
treatment. 



References: 



1. Lai S, Adarsh, Pankaj (Eds) Epidemiology of communicable 
diseases and related national health programmes, Chapter 12. hi: 
Textbook of community medicine, 2nd ed. (CBS Publishers and 
Distributors, Delhi) 2010: 435-436. 

2. White NJ, Breman JG. Malaria, Chapter 203. hi: Harrison's 
principles of internal medicine, 17th edition. Fauci AS, Braunwald 
E, Kasper DL, Hauser SL, Longo DL, Jameson JL, Loscalzo J, 
Eds. (The McGraw- Hill companies, United States of America) 
2008:1280. 

3. World Health Organisation. New Perspectives, malaria diagnosis. 
(Geneva) 2000. 
http://www.who.int/malaria/publications/atoz/who_cds_rbm_2000 

14/en/index.html PMid:21757937 

4. Igbeneghu C, Odaibo AB, Olaleye DO. Impact of asymptomatic 
malaria on some hematological parameters in the Iwo community 
in Southwestern Nigeria. Med Princ Pract 2011; 20: 459- 



463. http://dx.doi.Org/10.l 159/000327673 PMid:17183838 

5. Kumar A, Shashirekha. Thrombocytopenia- an indicator of acute 
vivax malaria. Indian J Pathol Microbiol 2006; 49: 505-508. 
PMid:20067547 

6. Chandra H, Chandra S, Rawat A, Verma SK. Role of mean 
platelet volume as discriminating guide for bone marrow disease in 
patients with thrombocytopenia, hit J Lab Hematol 2010; 32: 498- 
505. http://dx.doi.Org/10.llll/i.1751-553X.2009.01212.x 
PMid:23 170190 PMCid:3499992 

7. Park K (Eds) Epidemiology of communicable diseases-Malaria, 
Chapter 5. In: Park's textbook of preventive and social medicine 
21st ed. (M/s Banarsidas Bhanot Publishers, Jabalpur, India) 
2011:231-244. PMid:15226575 

8. World Malaria Report 2011. 
http://www.who.int/malaria/world_malaria_report_201 1/97892415 
64403 eng.pdf PMid: 1497 1691 



Mediterr J Hematol Infect Dis 2013; 5: Open Journal System 



9. Autino B, Noris A, Russo R, Castelli F. Epidemiology of malaria 
in endemic areas. Mediterr J Hematol Infect Dis 2012, 
4:e2012060. http://dx.doi.org/10.4084/mihid.2012.060 
PMid:12358891 

10. Lathia TB, Joshi R. Can hematological parameters discriminate 
malaria from nonmalarious acute febrite illness in the tropics? 
Indian Journal of Medical Sciences 2004; 58: 239-244. 
PMid:11304918 

1 1 . Park K (Eds) Epidemiology of communicable diseases-The dengue 
syndrome, Chapter 5. In: Park's textbook of preventive and social 
medicine 21st ed. (M/s Banarsidas Bhanot Publishers, Jabalpur, 
India) 2011:224-225. PMid:22 142788 

12. Park K (Eds) Epidemiology of communicable diseases-Typhoid 
fever, Chapter 5. In: Park's textbook of preventive and social 
medicine 21st ed. (M/s Banarsidas Bhanot Publishers, Jabalpur, 
India) 201 1:212. PMid:20237447 

13. Erhart LM, Yingyuen K, Chuanak N, Buathong N, Laoboonchai A, 
Miller RS, Meshnick SR, Gasser RA Jr, Wongsri- Chanalai C. 
Hematologic and clinical indices of malaria in a semi-immune 
population of Western Thailand. Am J of Trop Med Hyg 2004; 70: 
8-14. PMid:21050055 

14. Scott CS, Van Zyl D, Ho E, Ruivo L, Mendelow B, Coetzer TL. 
Thrombocytopenia in patients with malaria: automated analysis of 
optical platelet counts and platelet clumps with the Cell Dyn CD 
4000 analyzer. Clin Lab Haematol 2002: 24: 295-302. 
http://dx.doi.Org/10.1046/i.1365-2257.2002.00466.x 
PMid:19094197 PMCid:2642516 

15. Biswas R, Sengupts G, Mundle M. A controlled study on 
haemograms of malaria patients in Calcutta. Indian J Malariol 
1999;36:42-48. PMid:22325818 

16. Das A, Anvikar AR, Cator LJ, Dhiman RC, Eapen A, Mishra N, 
Nagpal BN, Nanda N, Raghavendra K, Read AF, Sharma SK, 
Singh OP, Singh V, Sinnis P, Srivastava HC, Sullivan SA, Sutton 
PL, Thomas MB, Carlton JM, Valecha N. Malaria in India: the 
center for the study of complex malaria in India. Acta Trop2012; 
121:267-273. http ://dx.doi.org/ 10.101 6/j .actatropica.20 1 1 . 1 1 .008 
PMid:15847353 

17. Dhangadamajhi G, Kar SK, Ranjit MR. High prevalence and 
gender bias in distribution of Plasmodium malariae infection in 
central east-coast India. Trop Biomed 2009; 26: 326-333. 
PMid:20943199 

18. Kochar DK, Das A, Kochar A, Middha S, Acharya J, Tanwar GS, 
Gupta A, Pakalapati D, Garg S, Saxena V, Subudhi AK, Boopathi 
PA, Sirohi P, Kochar SK. Thrombocytopenia in Plasmodium 
falciparum, Plasmodium vivax and mixed infection malaria: a 
study from Bikaner (Northwestern India). Platelets 2010; 21: 623- 
627. http://dx.doi.org/10.3109/09537104.2010.505308 

PMid: 19502694 

19. Taylor WR, Widjaja H, Basri H, Ohrt C, Taufik T, Tjitra E, Baso 



S, Fryauff D, Hoffman SL, Richie TL. Changes in the total 
leukocyte and platelet counts in Papuan and non Papuan adults 
from northeast Papua infected with acute Plasmodium vivax or 
uncomplicated Plasmodium falciparum malaria. Malar J 2008; 
7:259. http://dx.doi.org/10.1186/1475-2875-7-259 PMid:21663878 

20. Saravu K, Docherla M, Vasudev A, Shastry BA. 
Thrombocytopenia in vivax and falciparum malaria: an 
observational study of 1 3 1 patients in Karnataka, India. Ann Trop 
Med Parasitol 2011; 105:593- 
598. http://dx.d0i.0rg/l 0. 1 1 79/20477732 1 1 Y.00000000 1 3 
PMid:20955404 

21. Jadhav UM, Patkar VS, Kadam NN. Thrombocytopenia in malaria- 
correlation with type and severity of malaria. J Assoc Physicians 
India 2004 52:615-618. PMid:18522712 

22. Srivastava S, Ahmad S, Shirazi N, Kumar Verma S, Puri P. 
Retrospective analysis of vivax malaria patients presenting to 
tertiary referral centre of Uttarakhand. Acta Trop 2011; 117: 82- 
85. http ://dx.doi.org/ 10.101 6/j .actatropica.20 1 0. 1 0.00 1 

PMid:21 144084 PMCid:3002140 

23. Sharma A, Khanduri U. How benign is benign tertian malaria? J 
Vector Borne Dis 2009; 46: 141-144. PMid:18647661 

24. Singh H, Parakh A, Basu S, Rath B. Plasmodium vivax malaria : is 
it actually benign? J Infect Public Health 2011; 4: 91- 
95 . http ://dx.doi.org/ 1 0. 1 0 1 6/j .jiph.20 1 1 .03 .002 

25. de Mast Q, de Groot PG, van Heerde WL, Roestenberg M, vann 
Velzen JF, Verbruggen B, Roest M. McCall M, Nieman AE, 
Westendorp J, Syafruddin D, Fijnheer R, van Dongen-Lases EC, 
Sauerwein RW, van der Ven AJ. Thrombocytopenia in early 
malaria is associated with GP lb shedding in absence of systemic 
platelet activation and consumptive coagulopathy. Br J Haematol 
2010; 151: 495-503. http://dx.doi.Org/10.l 1 1 l/j.1365- 
2141.2010.08399.x 

26. Numbenjapon T, Mahapo N, Pornvipavee R, Sriswasdi C, 
Mongkonsritragoon W, Leelasiri A, Prayoonwiwat W. A 
prospective evaluation of normal mean platelet volume in 
discriminating hyperdestructive thrombocytopenia from 
hypoproductive thrombocytopenia. Int J Lab Hematol 2008; 30: 
408-414. http://dx.doi.Org/10.llll/i.1751-553X.2007.00969.x 

27. Maina RN, Walsh D, Gaddy C, Hongo G, Waitumbi J, Otieno L, 
Jones D, Ogutu BR. Impact of Plasmodium falciparum infection on 
haematological parameters in children living in Western Kenya. 
Malaria J 2010; 9:S4. http://dx.doi.Org/10.l 186/1475-2875-9-S3- 
S4 

28. Tangpukdee N, Yew HS, Krudsood S, Punyapradit N, Somwong 
W, Looareesuwan S, Kano S, Wilairatana P. Dynamic changes in 
white blood cell counts in uncomplicated Plasmodium falciparum 
and Plasmodium vivax malaria. Parasitol Int 2008; 57: 490-494. 
http://dx.d0i.0rg/l 0. 1 0 1 6/j .parint.2008.06.005 



Mediterr J Hematol Infect Dis 2013; 5: Open Journal System 



